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PHOTONIC CRYSTAL STRUCTURE FOR
MODE CONVERSION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s filed under 35 U.S.C. §371 for PCT/

FR02/03993, filed Nov. 21, 2002, and 1s based upon and
claims priority under 35 U.S.C. §119 from French Patent
Application No. 0115057, filed Nov. 21, 2001.

BACKGROUND OF THE INVENTION

The present invention concerns a photonic crystal struc-
ture for mode conversion.

The 1invention applies to the area of integrated optics.

In known art, the function of a mode converter or trans-
former 1s to convert a first optic mode which propagates 1n
a first guided propagation structure into a second optic mode
able to propagate 1n a second guided propagation structure.
The two guided propagation structures may either form part
ol one same photonic integrated circuit, or form part of two
separate circuits. A guided propagation structure may, for
example, be an optic fibre.

FIG. 1 shows a guided propagation structure with vertical
confinement of known art. Light propagates 1n direction z. In
vertical direction vy, the light 1s confined in a layer 1 of
material of high index nl sandwiched between two layers of
material 2, 3 of lower mdex n2 and n3, respectively. In
lateral direction x, the light 1s confined in the medium of
index nl either by a material charge (charged strip) or by
another material (etched strip), this other material possibly
being air. The materials of indices nl, n2, n3 may be
semiconductor, dielectric or metallic materials. The size and
shape of the propagation mode or modes borne by the
structure 1in FIG. 1 are dependent upon the geometry of the
structure and the value of indices nl, n2, n3.

Another propagation structure 1s shown i FIG. 2. FIG. 2
1s an overhead view of a photonic crystal propagation
structure.

The photonic crystal structure consists of a set of aligned
patterns 4. Patterns 4 may for example be holes etched 1n a
material, or pillars grouped side by side. In a one-dimen-
sional application, the patterns may be parallel grooves
ctched 1n the matenal.

Diflerent types of propagation guides may be made 1n a
photonic crystal structure. A first type of guide consists of a
photonic crystal structure in which n rows of neighbouring,
patterns are missing. In the remainder of the description, this
first type of guide shall be called “Wn guide”. By way of a
non-restrictive example, FIG. 2 shows a structure 1n which
a single row of patterns 1s missing. The guide 1s then a W1
guide. Wave propagation 1s based on the zone devoid of
patterns (zone of width d 1n FIG. 2). Other types of guide are
also known such as, for example, photonic crystal structures
in which the zone devoid of rows of patterns does not
correspond to the absence of an integer number of rows but
to the absence of a non-integer number of rows (Wn guides
with n real number), or photonic crystal structures in which
patterns of diflerent shape and/or size are made, for example
holes of different sizes.

A guided propagation structure 1s optimised to best ensure
a given function. It 1s the geometry of the structure which
determines the propagation mode or modes. Mode conver-
s10n 1s very often necessary to pass from a first propagation
structure ensuring a first function to a second propagation
structure ensuring another function. Ideally; mode conver-
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2

s1on makes it 1s possible to couple almost all the light getting,
out of the first structure into the second structure, to render
negligible both reflection and losses through wave diflusion
at the interface between the structures, and to ease alignment
tolerances between the functions quite considerably, said
alignment often accounting for high fabrication costs.

Examples of mode converters of known art are shown 1n
FIGS. 3, 4 and 5.

The mode converter shown 1n FIG. 3 1s disclosed 1n the
document titled “Spot Size Converter for Low Cost PICs”
(K. D. Mesel, I. Moerman, R. Baets, B. Dhoedt, P. Vandaela
and J. Stulemeijer, ECIO’92, Th(C2).

-

T'he converter 1n FIG. 3 1s a converter of lateral type. A
medium 5 of index nl 1s sandwiched between two media 6
and 7 of respective indices n2 and n3. Mode conversion 1s
achieved by the continuous widening of medium 5 along the
direction of wave propagation. Widening of the propagation
medium making 1t possible to pass from a first to a second
propagation mode has to be made over a sufliciently long
distance to achieve good performance. As an example,
distance 1 over which widening 1s made may lie between
100 pm to 200 um. The range of the wavelengths concerned
1s then the near-infrared (wavelengths of between 0.8 um

and 2 um).
A second example of mode converter of known art 1s

shown 1 FIG. 4. This second example of converter 1s
disclosed 1n the document titled “Tapered Couplers for
Efficient Interfacing Between Dielectric and Phototonic

Crystal Waveguides” (Attila Mekas and J. D. Joannopoulos;
Journal of Lightwave Technology, vol. 19, N° 6, June 2001).

The converter in FIG. 4 makes 1t possible to pass from a
propagation mode 1n a dielectric guide of strip type to a
propagation mode in a photonic crystal guide. The strip
guide of width W enters the photonic crystal structure over
a distance “a” and then tapers to a point over a distance “b”.

A third example of mode converter of known art 1s shown
in FI1G. 5. This third example of converter 1s disclosed 1n the
document titled “Observation of light propagation in two-
dimensional  photonic  crystal-based  bent  optical
waveguides” (S. Yamada et al.; Journal of Applied Physics,
vol. 89, N° 2, 15 Jan. 2001).

The converter 1n FIG. 5 allows transition between a
two-dimensional waveguide and a photonic crystal guide.
Here transition 1s assured by the funnel shape of the region
devoid of patterning in the photonic crystal gmde. Good
matching 1s only possible if the funnel-shaped region 1s
sufliciently long.

As a general rule, 1t appears that the mode converters of
known art need to be fabricated over sufliciently long
lengths 1n the direction of wave propagation in order to be
able to operate properly. These long distances have disad-
vantages. They are detrimental for example for circuit
fabrication, 1n particular circuits which have to reach good
dynamic performance levels. For example, to modulate a
laser directly at 10 Gb/s 1t 1s preferable that 1ts length should
not be more than 100 um. It 1s therefore not possible to equip
such laser with a mode converter of known art. Also a
non-negligible quantity of maternial 1s needed to fabricate
these converters, which leads to a substantial increase 1n size
and hence the costs of components.

-

T'he invention does not have the aforesaid disadvantages.

SUMMARY OF THE INVENTION

The 1nvention concerns a photonic crystal guided propa-
gation structure comprising a guide portion Wn, n being a
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positive real number or zero number, having a {irst configu-
ration of rows of patterns. The structure also comprises:

a guide portion Wm, m being a real number, m>n, having
a second configuration of rows of patterns, and

a transition zone of distance D located between guide
portion Wn and guide portion Wm, in which patterns
aligned with at least one row of patterns of the first
configuration diminish 1n size over distance D to allow
gradual passing from the first configuration of rows of
patterns to the second configuration of rows of patterns.

The 1invention also concerns a transition between a strip
guide and photonic crystal guide. The transition comprises a
photonic crystal guided propagation structure such as that of
the invention mentioned above.

The mvention also concerns a guided propagation struc-
ture comprising a first waveguide, a second waveguide and
a mode converter between the first and second waveguide.
The mode converter 1s a photonic crystal gmided propagation
structure such as that of the invention mentioned above.

The invention further concerns a photonic crystal cavity.
The cavity successively comprises:

a guide portion W1 having a first configuration of rows of
patterns,

a first gmide portion WO forming a mirror and having a
second configuration of rows of patterns,

a guide portion Wj having a third configuration of rows of
patterns,

a second guide portion WO forming a mirror and having
a fourth configuration of rows of patterns i1dentical to
the second configuration,

a guide portion Wk having a fifth configuration of rows of
patterns, and

a succession ol transition zones, a transition zone being
positioned between two successive guide portions so
that the assembly formed by a transition zone and the
two guide portions surrounding the transition zone
form a photonic crystal guided propagation structure
such as that of the mnvention mentioned above.

A mode converter of the invention therefore comprises at
least one series of patterns ol progressively varying size
between two waveguides. Advantageously, this structure has
a finished length D of small size (typically a few wave-
lengths). The progressive variation 1n size of the patterns
cnables progressive passing between the two waveguides.
This progressive passing operates a mode conversion (pro-
gressive conversion from a propagation mode which propa-
gates 1n the first guide mto a propagation mode propagating
in the second guide).

The mnvention 1s based on the physical principle according
to which when an electromagnetic wave of slightly greater
wavelength than the characteristic size of a structure inter-
acts with this structure, this wave does not diffract in the
usual meaning of the term. Everything takes place as if the
wave propagates 1n a continuous material, commonly called
artificial material, whose index depends firstly on the quan-
tity of etched material. The electromagnetic wave does not
see the detail of the etched patterns forming the structure. It
1s therefore only sensitive to a local average.

The propagation structure of the nvention advanta-
geously makes 1t possible to achieve short optic transitions
with very low losses.
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4
BRIEF DESCRIPTION OF THE FIGURES

Other characteristics and advantages of the invention waill
become apparent on reading a preferred embodiment of the
invention described with reference to the appended figures
among which:

FIG. 1 shows a first gmded propagation structure of
known art,

FIG. 2 shows a second guided propagation structure of
known art,

FIG. 3 shows a first example of mode converter of known
art,

FIG. 4 shows a second example of mode converter of
known art,

FIG. § shows a third example of mode converter of known
art,

FIG. 6 shows a first example of mode converter according
to the invention,

FIG. 7 shows a first application of a mode converter
according to the mvention,

FIGS. 8A and 8B, by way of example, show circuit
principles to illustrate the performance levels of a mode
converter according to the ivention,

FIG. 9 1s a photograph of a mode converter according to
the invention,

FIG. 10 shows a second application of mode converter
according to the mvention,

FIG. 11 shows a second example of mode converter
according to the mvention,

FIG. 12 shows a third example of mode converter accord-
ing to the mvention,

FIG. 13 shows a first example of a photonic crystal cavity
according to the mmvention,

FIG. 14 shows a second example of a photonic crystal
cavity according to the mmvention, and

FIG. 15 shows a cross section of the third example shown
in FIG. 12 taken along the line 15—185.

In all the figures, the same references designate the same
parts.

In the remainder of the description, most of the guided
propagation structures of the invention are mode converters
which allow the passing from a Wn guide to a Wm guide,
n=m, n and m being integers. The imvention also concerns
photonic crystal structures with which 1t 1s possible to pass
from any first guide to any second guide. The first and
second guides can then not only be Wn guides, n integer, but
also for example photonic crystal structures 1 which the
zone with missing rows of patterns corresponds to a non-
integer number of rows (Wn guides with n real number), or
photonic crystal structures 1n which 1t 1s the size of the holes
and not their absence which creates the guide zone, or even
strip guides.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

FIGS. 1, 2, 3, 4 and 5 have been previously described and
do not require further description.

FIG. 6 1s an overhead view of a first example of mode
converter according to the invention. The mode converter 1s
made 1n a photonic crystal structure consisting of a set of
patterns 4. Patterns 4 are, for example, air holes obtained by
etching a semiconductor material. The vertical confinement
of the propagating wave 1s ensured by a layer of high index
(GalnAsP) the thickness of which 1s, for example, 500 nm,
positioned between two layers of material with a lower
index (InP). The air-holes are positioned 1n the direction of
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wave propagation and for example define a triangular lattice
whose mesh size 1s 450 nm. The diameter of the holes may
be 300 nm for example with a depth of 1 um. Isotropic
ctching, for example plasma dry etching, 1s used to make the
holes. The converter operates the conversion of a W1 guide
mode mto a W3 guide mode and reciprocally.

Guide part W1 1s characterized by a row of missing holes
in the photonic crystal structure, and guide part W3 1is
characterized by three rows of missing holes 1n this same
structure. Guide parts W1 and W3 are naturally aligned
along one same axis AA'. The transition from guide part W1
to guide part W3 1s made by interrupting, with diameter
decrease, the holes of the two rows which define guide part
W1. As shown 1 FIG. 6, two holes t1, {2 may be suflicient
to ensure transition over one row. By way of non-restrictive
example, for a hole diameter 1n the photonic crystal structure
of 300 nm as aforesaid, holes t1 and t2 have respective
diameters of 200 nm and 100 nm. Advantageously, distance
D over which the diameter of the holes decreases 1s rela-
tively short. In the above example distance D equals
approximately 700 nm for example. The holes of smaller
diameters may or may not be etched less deep than the holes
ol greater diameters.

Preferably, the holes are fabricated on a regular grid
which 1s the grid of the photonic crystal. It 1s then during the
clectronic lithography step defining the photonic crystal that
the hole diameters are adjusted. It 1s to be noted however that
the use of the regular grid of the photonic crystal to fabricate
the artificial material 1s only for convenience purposes. The
holes may also be positioned at different locations, their size
and depth then being adjusted accordingly. Hole positioning
may not, 1n this case, be periodic.

According to the above-described embodiment of the
invention, the patterns which define the photonic crystal
structure are air holes. The invention also concerns the case
when the patterns are made in a material of index diflerent
from 1 added to holes formed 1n the crystal, for example the
case when liquid crystal {ills the holes. The patterns may also
be made by pillars. These pillars may for example be of
square or rectangular section but any other form of section
1s also possible.

FIG. 7 shows a first application of a mode converter
according to the first example of the invention. The device
shown 1n FIG. 7 1s a transition between a strip guide 8 and
a photonic crystal guide.

It 1s known to persons skilled 1n the art that guide W1 1s
an advantageous guide for guiding an optic wave 1nto a
photonic crystal structure. As will be shown below, with the
invention 1t 1s possible to achieve coupling simply and with
excellent performance levels between a strip guide and a W1
photonic crystal guide.

The direct transition between a strip guide and a W3
photonic crystal guide 1s known to give good transmission
performance. As described above, mode conversion using a
W3/W1 photonic crystal converter of the invention also
achieves good performance levels. It follows that the mode
conversion of the invention between a strip guide and a W1
photonic crystal guide gives particularly advantageous
results.

FIGS. 8A and 8B show, as examples, circuit principles to

illustrate the performances of a mode converter of the
invention.

FIG. 8A shows a reference structure which 1s not a
structure of the invention and which 1s successively formed
of a first strip guide 9, a W3 photonic crystal gmide and a
second strip guide 10.
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FIG. 8B shows a structure of the invention which 1s
successively formed of a first strip gumide 11, a photonic
crystal structure comprising 1n series a W3/W1 transition
and a W1/W3 transition, and a second strip guide 12.

The width of strips 9, 10, 11, 12 1s chosen to be 220xv12
nm for example. References T1 and R1 (1=1, 2) respectively
represent the intensities transmitted and reflected 1n funda-
mental TE,, mode of the strip gmdes. 1. represents the
intensity of the incident wave.

The photonic crystal 1s assumed to be etched in a planar
guide consisting ol a core of mndex 3.5, a substrate of index
3 and an upper layer of index 3.4, with a thickness of 330
nm. The holes 4 of the photonic crystal have a diameter of
130 nm, a depth of 900 nm and are arranged 1n a triangular
lattice of period 220 nm. As shown 1n FIG. 8B, two holes t1
and t2, along one row, ensure W1/W3 transition or W3/W1
transition. Hole t1 has a diameter of 88 nm for example and
hole t2 a diameter of 44 nm for example. A calculation was
made with three-dimensional exact electromagnetic theory.
Over the entire spectral interval corresponding to the for-
bidden band of the photonic crystal (1.e. 0.75 um<h<0.98
um) mean values for T1, T2 and R1 of respectively 83%,
96% and 1% were obtained (the percentages are calculated
here with reference to an incident itensity 1. of 100%).

The circuit 1n FIG. 8B comprises two transitions. It
follows that the mean coupling value of only one transition
(VI2/T1) 1s 93%. This excellent value relative to the one
obtained using a transition of the known art i1s advanta-
geously obtained with very short coupling (typically 660
nm) and with a wide spectral range (AA/A>25%).

FIG. 9 1s a photograph of a W3/W1 mode converter (and
reciprocally W1/W3) of the invention. The distance between
two holes 1s typically 450 nm.

Measurements of power reflection made on this converter
have led to very good results. The wavelengths used were
between 1500 nm and 1590 nm, wavelengths for which the
semiconductor material used 1s transparent. A reflection
coellicient relating to the power was measured less than 1%.
By way of comparison, the reflection coethicient of a W1/W3
transition devoid of gradual decrease 1n hole diameter (case
in which the two rows of holes defining the W1 guide are
suddenly broken) 1s substantially equal to 25%.

FIG. 10 shows a second application of a mode converter
according to the first example of the mvention.

The circuit shown 1n FIG. 10 15 a bend made 1n a photonic
crystal guide. As known to persons skilled 1n the art, any
disturbance occurring along a propagation guide 1s a source
of mis-matching and leads to partial reflection of the propa-
gating wave. Transmission losses are a result thereof. From
this viewpoint, a bend can be considered a disturbance. At
equal curvature, 1t 1s known that a bend 1n a Wn guide shows
less loss than a bend 1n a Wm guide, with n<m. The mode
converter ol the invention advantageously permits the
design of structures in which the propagation guide 1s a Wm
guide 1n its straight parts and a Wn guide (n<m) in bends.

By way of a non-restrictive example, FIG. 10 1llustrates a
photonic crystal guided structure 1n the form of a bend which
comprises a W3/W1 transition, a bend 1n a W1 guide and a
W1/W3 ftransition. Propagation performance levels are
thereby very advantageously enhanced.

FIG. 11 shows a second example of mode converter
according to the invention. The mode converter of the
second example permits transition between a W1 guide and
a W2 guide. Guide part W2 is characterized by two rows of
missing holes in the crystal structure. Transition from guide
part W1 to gumide part W2 1s made by interrupting, by
decreasing diameter, the holes of one of the two rows which
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define guide part W1. As shown by way of a non-restrictive
example 1 FIG. 9, three holes t1, 12, t3 may suflice to
achieve the transition. For a hole diameter in the photonic
crystal structure of 300 nm, the three holes t1, {2, t3 may
have respective diameters of 200 nm, 100 nm, 350 nm.
According to this second example of mode converter, guide
parts W1 and W2 are not aligned along the same axis. It was
tound that this misalignment 1s not detrimental to transition
performance.

FI1G. 12 shows a third example of mode converter accord-
ing to the mvention. According to this third example, the
mode converter operates the transition between a photonic
crystal guide of W1 type and a photonic crystal guide of W3
type. By photonic crystal guide of W1 type 1s meant a W1
guide such as defined above in which the central part,
instead of being devoid of holes, 1s provided with a row of
holes t4 of small size relative to the main holes 4 of the
structure. Similarly, by photonic crystal guide of W3 type 1s
meant a W3 guide such as defined above 1n which the central
part, istead of being devoid of holes, 1s provided with three
rows of holes of smaller size than the main holes 4, for
example holes t4.

The transition between a guide of type W1 and a guide of
type W3 1s made by holes with diminishing diameter. Two
holes t1 and t2 may then be suflicient to ensure the transition
between a row of holes 4 1n the guide of type W1 and a row
of holes t4 in the guide of type W3. A number of holes
greater than two may also ensure the transition. FIG. 15
shows an embodiment where the depth of holes 4 1s greater
then the depth of holes t1 and t2. Further, the depth of holes
t1 and t2 1s greater than the depth of holes t4.

FIG. 13 shows a first example of a photonic crystal cavity
made using mode converters of the imnvention. The cavity 1s
defined by two mirrors Ml and M2. Each of the two mirrors
1s, for example, made by two holes ta, tb. Each mirror may
be 1dentified with a Wn guide for which n=0 (no missing row
of patterns). The photonic crystal cavity may therefore be
considered as being formed of five successive guide portions
W1, W0, W1, W0 and W1, a transition zone consisting for
example of two holes t1 and t2 with varying diameter being
positioned between two successive guide portions. An
assembly made up of a transition zone and the two guide
portions surrounding this zone form a photonic crystal
guided propagation structure according to the invention.

The cavity obtained advantageously has a higher quality
factor and smaller losses than a cavity devoid of mode
converters according to the mvention.

FIG. 14 shows a second example of a photonic crystal
cavity according to the invention. The five successive guide
portions participating in the cavity here are guide portions
W1, W0, W3, W0 and W1. Guide portions W0 each form a
mirror. An assembly made up of a transition zone and the
two guide portions surrounding this zone also form a pho-
tonic crystal guided propagation structure according to the
invention.

More generally, the five successive guide portions par-
ticipating 1n the cavity are guide portions W1, W0, Wj;, W0
and WKk, 1, 1 and k being positive real numbers.

The mode converters of the invention are advantageously
compatible with propagation guides based on the principle
of total internal reflection (case when light propagating 1n a
high 1ndex medium and arriving at a medium of lower index
1s trapped by total reflection on account of index contrast).

More generally the mode converters of the invention
make 1t possible to pass from any guide with total internal
reflection or with photonic crystal to any other guide with
total internal reflection or with photonic crystal. It 1s there-
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fore possible, for example, to optimise the coupling of a
given structure with an optic fibre or to associate several
structures of different waveguides 1 one same photonic
integrated circuit, thereby allowing considerable miniaturi-
sation ol optic circuits and, hence, the possibility of inte-
grating numerous optic functions within a very small vol-
ume.

The mvention claimed 1s:

1. A photonic crystal guided propagation structure com-
prising:

a guide portion Wn corresponding to a first configuration
of rows of patterns where n 1s a positive real number or
zero corresponding to a number of rows of neighboring,
patterns that are missing in the guide portion Wn;

a guide portion Wm corresponding to a second configu-
ration of rows ol patterns where m 1s a positive real
number greater than n corresponding to a number of
rows ol neighboring patterns that are missing in the
guide portion Wm; and

a transition zone of a predetermined distance located
between guide portion Wn and guide portion Wm, in
which patterns aligned with at least one row of patterns
in the first configuration of rows of patterns decrease 1n
size over the predetermined distance to allow progres-
sive passing from the first configuration of rows of
patterns to the second configuration of rows of patterns,

wherein, the patterns are holes having a diameter of
substantially 300 nm 1n the first and second gude
portions, and

a number of holes 1n the transition zone, which are aligned
with a row of holes 1n the first guide portion and which
decrease 1n size, 1s equal to two, said two holes having
respective diameters of 200 nm and 100 nm.

2. A photonic crystal guided propagation structure accord-
ing to claim 1, wherein the patterns define a periodic
network.

3. A photonic crystal gmided propagation structure com-
prising:

a guide portion Wn corresponding to a first configuration
of rows of patterns where n 1s a positive real number or
zero corresponding to a number of rows of neighboring,
patterns that are missing in the guide portion Wn;

a guide portion Wm corresponding to a second configu-
ration of rows ol patterns where m 1s a positive real
number greater than n corresponding to a number of
rows ol neighboring patterns that are missing in the
guide portion Wm; and

a transition zone of a predetermined distance located
between guide portion Wn and guide portion Wm, in
which patterns aligned with at least one row of patterns
in the first configuration of rows of patterns decrease 1n
size over the predetermined distance to allow progres-
sive passing from the first configuration of rows of
patterns to the second configuration of rows of patterns,

wherein, the patterns are holes having a diameter of
substantially 300 nm 1n the first and second gude
portions, and

a length of the predetermined distance 1s substantially 700
nm.

4. A photonic crystal guided propagation structure accord-
ing to claim 3, wherein the patterns define a periodic
network.

5. A transition between a strip guide and a photonic crystal
guide, comprising a guided propagation structure compris-
ng:

a guide portion Wn corresponding to a first configuration

of rows of patterns where n 1s a positive real number or
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zero corresponding to a number of rows of neighboring
patterns that are missing in the guide portion Wn;

a guide portion Wm corresponding to a second configu-
ration of rows of patterns where m 1s a positive real
number greater than n corresponding to a number of
rows ol neighboring patterns that are missing in the
guide portion Wm; and

a transition zone ol a predetermined distance located
between guide portion Wn and guide portion Wm, in
which patterns aligned with at least one row of patterns
in the first configuration of rows of patterns decrease 1n
s1ize over the predetermined distance to allow progres-
sive passing from the first configuration of rows of
patterns to the second configuration of rows of patterns,

wherein the guided propagation structure 1s a structure 1n
which n=1 and m=3.

6. A guided propagation structure comprising;:

a first waveguide;

a second waveguide; and

a mode converter between the first and second
waveguides, wherein the mode converter 1s a guided
propagation structure comprising,

a guide portion Wn corresponding to a first configuration
of rows of patterns where n 1s a positive real number or
zero corresponding to a number of rows of neighboring
patterns that are missing in the guide portion Wn;

a guide portion Wm corresponding to a second configu-
ration of rows of patterns where m 1s a positive real
number greater than n corresponding to a number of
rows ol neighboring patterns that are missing in the
guide portion Wm; and

a transition zone ol a predetermined distance located
between guide portion Wn and guide portion Wm, 1n
which patterns aligned with at least one row of patterns
in the first configuration of rows of patterns decrease 1n
s1ize over the predetermined distance to allow progres-
sive passing from the {first configuration of rows of
patterns to the second configuration of rows of patterns,

wherein the first waveguide 1s a photonic crystal guide
and the second waveguide 1s a photonic crystal guide
comprising a set of patterns forming a mirror.

7. A photonic crystal cavity, successively comprising:

a first guide portion W1 corresponding to a first configu-
ration of rows ol patterns where 1 1s a positive real
number or zero corresponding to a number of rows of
neighboring patterns that are missing in the first guide
portion;

a second guide portion WO corresponding to a second
configuration of rows of patterns where zero rows of
neighboring patterns are missing in the second guide
portion, guide portion WO forming a mirror;

a third gmide portion Wj corresponding to a third con-
figuration of rows of patterns where 1 1s a positive real
number or zero corresponding to a number of rows of
neighboring patterns that are missing in the third guide
portion;

a fourth guide portion WO corresponding to a fourth
configuration of rows ol patterns where zero rows of
neighboring patterns are missing 1n the fourth guide
portion, guide portion WO forming a mirror and being
identical to the second configuration;

a fifth guide portion Wk corresponding to a fifth configu-
ration of rows of patterns where k 1s a positive real
number or zero corresponding to a number of rows of
neighboring patterns that are missing 1n the fifth guide
portion; and
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a succession of transition zones, a transition zone being
positioned between two successive guide portions so
that an assembly formed by a transition zone and the
two guide portions surrounding the transition zone
form a photonic crystal guided propagation structure
comprising,

a guide portion Wn corresponding to a sixth configuration
of rows of patterns where n 1s a positive real number or
zero corresponding to a number of rows of neighboring
patterns that are missing in the guide portion Wn;

a guide portion Wm corresponding to a seventh configu-
ration of rows of patterns where m 1s a positive real
number greater than n corresponding to a number of
rows ol neighboring patterns that are missing in the
guide portion Wm; and

a transition zone ol a predetermined distance located
between guide portion Wn and guide portion Wm, 1n
which patterns aligned with at least one row of patterns
in the first configuration of rows of patterns decrease 1n
s1ize over the predetermined distance to allow progres-
sive passing from the first configuration of rows of
patterns to the second configuration of rows of patterns.

8. A photonic crystal cavity according to claim 7, 1n which
1=K.

9. A photonic crystal cavity according to claim 8, 1n which
1=1 and j=1.

10. A photonic crystal cavity according to claim 8,
wherein 1=1 and 1=3.

11. A photonic crystal guided propagation structure com-
prising:

a first guide portion Wn corresponding to a first configu-
ration of rows of holes where n 1s a positive real
number or zero corresponding to a number of rows of
neighboring holes that are missing in the guide portion
Wn:

a guide portion Wm corresponding to a second configu-
ration of rows of holes where m 1s a positive real
number greater than n corresponding to a number of
rows ol neighboring holes that are missing in the guide
portion Wm; and

a transition zone of distance D located between first guide
portion Wn and second guide portion Wm, in which
holes aligned with at least one row of holes 1n the first
configuration decrease 1n size in three dimensions over
distance D to allow progressive passing from the first
configuration of rows of holes to the second configu-
ration of rows of holes, the holes positioned in the
transition zone being increasingly less deep from the
first guide portion to the second guide portion,

wherein the holes have a diameter of substantially 300 nm
in the first and second guide portions.

12. A gmided propagation structure according to claim 11,

wherein the holes define a periodic network.

13. A guided propagation structure according to claim 11,
wherein the number of holes of the transition zone, which
are aligned with a row of holes 1n the first guide portion and
which decrease 1n size, 1s equal to two, said two holes having
respective diameters of 200 nm and 100 nm.

14. A gmided propagation structure according to claim 11,
wherein distance D 1s substantially 700 nm.

15. A gmided propagation structure according to claim 11,
wherein pieces ol material with an imndex are added to holes
formed 1n the photonic crystal guided propagation structure.

16. A photonic crystal guided propagation structure com-
prising:

a first guide portion Wn corresponding to a first configu-

ration of rows of holes where n 1s a positive real
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number or zero corresponding to a number of rows of conflguration decrease 1n size in three dimensions over

neighboring holes that are missing in the guide portion distance D to allow progressive passing from the first

Wn: configuration of rows of holes to the second configu-
a guide portion Wm corresponding to a second configu- ration of rows of holes, the holes positioned in the

ration of rows of holes where m 1s a positive real 5 transition zone being increasingly less deep from the

number greater than n corresponding to a number of first guide portion to the second guide portion.

rows of neighboring holes that are missing in the guide wherein the holes define a periodic network, and the

portion Wm; and periodic network 1s a triangular lattice whose mesh size
a transition zone of distance D located between first guide 1s substantially 450 nm.

portion Wn and second guide portion Wm, 1 which 10
holes aligned with at least one row of holes 1n the first I
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